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§7. Long-Pulse Operation of a Large Negative-
ion Source 
Takeiri, Y., Osakabe, M., Tsumori, K., 
Kaneko, 0., Oka, Y., Asano, E., Akiyama, R., 
Kawamoto, T., Kuroda, T. 
Long-pulse beam injection up to 10 sec is 
planned in the LHD-NBI system. Using an 
external-filter-type large negative-ion source [1], 
long-pulse H- ion beam production was tested. 
Water-cooling pipes are attached between aperture 
rows of the grounded grid for the long-pulse 
operation. In the extraction grid water-cooling 
pipes have been already buried for cooling of the 
permanent magnets which are used for the electron 
suppression. The thermal loads of the grounded 
grid and the extraction grid are measured by water-
calorimetry, and the equivalent thermal load 
currents, loa and lED, are calculated from the 
thermal loads. The beam extraction area of the 
plasma grid is 25 em X 26 em and there are 270 
apertures of 9 mm in diameter. 
Figure 1 shows the H- ion current measured 
11.2 m downstream and the equivalent thermal load 
currents, lEG and lm, as a function of the arc 
power. The beam pulse width is 0.6 sec. The 
thermal load of the extraction grid is small, and is 
around 5 kW for 3 A of H- ion current. On the 
other hand, the thermal load of the grounded grid is 
large, and is 25 % of the total H- ion beam power, 
which causes a serious problem for the high-power 
long-pulse operation. 
The negative ion production efficiency could be 
influenced by the injected Cs condition. In the 
short-pulse (less than 1 sec) arc discharge 
operation, the negative ion current is dependent on 
the plasma grid temperature [1]. When the pre-arc 
discharge duration is 5 sec, the negative ion beam 
properties, such as the negative ion current and the 
beam profile, are insensitive to the plasma grid 
temperature of 200 to 300 °C. The arc discharge 
for 15 sec leads to the temperature rise of about 40 
°C. Therefore, it seems that the negative ion 
properties are not changed during a long-pulse 
operation. 
The pulse length of the H- ion beam production 
was extended up to 10 sec. The negative ion beam 
is incident on the neutral beam dump made of swirl 
tube placed 13 m downstream. Figure 2 shows the 
thermal load to the beam dump as a function of the 
pulse length. The H- ion beam power is 200 kW 
(79ke V -2.6A). The measured H- ion beam energy 
is proportional to the pulse length, showing no 
change of the beam properties during 10 sec. 
Although the reduction of the thermal load to the 
grounded grid is important for the long-pulse high-
power beam injection into the LHD, the 
acceleration of the H- ion beam of 200 k W for 10 
sec was achieved. 
[1] Y. Takeiri, et al., Rev. Sci. In strum. 66, 
2541 (1995). 
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Fig. 1. H- ion current and the equivalent thermal 
load currents, lEG and IGG, as a function of 
the arc power. 
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Fig. 2. Measured thermal energy of the H- ion 
beam incident on the beam dump as a 
function of the beam pulse length. 
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